Purpose: The objective of this study was to assess the protective effects of whey and soy protein supplementation on inflammatory response, oxidative damage and body composition in active female endurance athletes.
INTRODUCTION
Many athletes consider nutritional supplements critical for supporting exercise performance and longevity [1] and it is estimated that 89% of college athletes have used or currently use nutritional supplements to enhance their performance [2] . The primary source of fuel during endurance exercise is muscle glycogen and depletion of intramuscular glycogen stores is shown to limit performance during prolonged exercise [3] . Recovery from endurance exercise is essential as muscle damage results in the breakdown of muscle protein and impairs muscle function, glycogen synthesis rates, and protein synthesis pathways [4] . Therefore, endurance athletes have increased energy and protein requirements to fuel exercise, replace glycogen stores, and support muscle protein synthesis [5, 6] .
Undesirable metabolic changes occur during endurance exercise that can be detrimental to physiological homeostasis, including increased cytokine production, inflammation, and oxidative damage [7] . Increased aerobic metabolism creates a high oxygen demand for increased ATP production to provide energy, resulting in the production of reactive oxygen species (ROS) and other metabolic byproducts [7] . While ROS are natural byproducts of cellular respiration and are essential for cell signaling and homeostasis, the ensuing cascade from these free radicals can result in cellular damage, including apoptosis, protein oxidation, DNA modification, and lipid peroxidation [8] . Under normal conditions ROS are tightly controlled by endogenous antioxidant systems; however, endurance athletes place a high demand on these systems, which can become overwhelmed by ROS resulting in excessive ROS accumulation and oxidative stress [9] . Further, inflammation and oxidative stress are linked to muscle damage and increased recovery time in endurance athletes [7] .
Body composition may also play a role in overall athletic performance. Body weight can influence an athlete's speed, endurance and power, leading some athletes to restrict calories in order to lose weight [1] . In weight-sensitive sports, athletes may use extreme methods to reduce mass rapidly or maintain a low body mass in order to gain a competitive advantage [10] . Body fat is a source of stored energy and is essential for maintaining body temperature, protecting vital organs, and reproductive health. In female endurance athletes specifically, unstable menstrual function resulting from restricted dietary intake and undesirably low body fat percentage may be related to decreases in bone mineral density (BMD) [11] . While genetic factors have been suggested to be the strongest determinants of maximal bone mass, nutrition and mechanical loading are also shown to play significant roles [12] . Similarly, iron deficiency affects approximately 16% of US females between 18-45 years old; iron is a key component of heme-containing proteins that are essential for oxygen transport throughout the body [13] . Therefore, low iron levels may compromise athletic performance.
Whey and soy protein are high-quality protein sources with antioxidant capacities; therefore, they may alleviate inflammation-associated oxidative damage and improve body composition. Whey protein consumption has been shown to alleviate endurance exercise-induced oxidative stress in mice, as whey protein contains cysteine which plays a role in the biosynthesis of the intracellular antioxidant glutathione [14] . Whey protein also plays a role in bone remodeling [15] and has been shown to increase lean body mass and muscle strength following resistance training [16] . Soy isoflavone intervention has been shown to inhibit DNA damage, which may protect against many chronic diseases [17] . Additionally, soy protein prevented exercise-induced protein degradation of skeletal muscle in rats following acute aerobic exercise [18] . Similarly, acute aerobic exercise combined with soy isoflavone supplementation increased lean body mass, restored bone mass and prevented body fat accumulations in ovariectomized mice [19] .
In humans, milk protein consumption was shown to stimulate protein synthesis following resistance exercise in humans to a greater extent than soy protein supplementation [20] . While limited information is available on the effects of protein supplementation in endurance athletes; Hill et al. [4] found that co-ingestion of carbohydrate and whey protein had beneficial effects on recovery in male endurance athletes. Therefore, the objective of this study was to assess the protective effects of whey and soy protein supplementation on inflammatory response, oxidative damage and body composition in female endurance athletes.
MATERIALS AND METHODOLOGY

Participants and Study Design
Healthy female endurance athletes (21.3 ± 0.4 y) were recruited from the Washington State University intercollegiate athletic program and the surrounding community between March and April 2007. Active endurance athlete status was defined as a minimum of one hour running per day, five days per week, during the previous year. Additional exclusion criteria included tobacco use, cancer, HIV, diabetes or other metabolic diseases. The Institutional Review Board of Washington State University approved all study procedures and all participants provided informed consent.
Initial body fat percentage of participants was used for assignment to treatment groups (mean ± SEM: 23.1 ± 1.9 and 20.4 ± 2.3 for whey and soy, respectively) in a randomized double-blind experimental design. Participants were randomly assigned with computer-generated random numbers to receive either commercially available whey (n = 10) or soy (n = 8) isolate protein powders (Whey Protein Isolate: 89.3 g protein, 1.1 g fat, 3.6 g carbohydrates per 100 g; Soy Protein Isolate:83.3 g protein, 4.2 g fat, <2.1 g carbohydrates, 175 mg isoflavones per 100 g; NOW Foods, Surfside, FL) daily for 6 wk. Each serving was standardized to 40 g protein that was consumed daily as a drink. Participants were instructed to consume one serving daily and that the beverage could be consumed in one dose or spread out over the course of the day. Consumption of dietary antioxidant and protein supplements, as well as foods high in soy, during the study was discouraged. Participants were instructed to maintain their normal exercise routines throughout the study, with a minimum requirement of one hour running per day, five days per week. A certified athletic trainer monitored the participants' health condition and exercise intensity. Compliance was assessed via personal communication, exercise logs and supplement records. Additionally, subjects completed a three-day dietary record including two weekdays and one weekend day. Dietary data was analyzed using The Food Processor for Windows Version 8.5 (ESHA Research, Salem, OR).
Blood and urine samples were obtained at baseline (wk 0) and after whey and soy dietary intervention (wk 6) at the Washington State University Athletic Training Facility (Pullman, WA). Blood was collected into heparinized evacuated tubes within one hour of completion of a one hour run. An aliquot of whole blood from each subject was used for glutathione analysis. The remainder was centrifuged (400 × g, 30 min, 4ºC) and plasma aliquoted and frozen at -80ºC until analysis (Bioactives Research Lab, Washington State University, Pullman, WA).
Oxidative Damage
Lipid peroxidation in plasma was analyzed by measuring thiobarbituric acid reactive substances (TBARS), as previously described [21] with modifications. Plasma samples (500 μL) were reacted with 3 mL 1% phosphoric acid, 1 mL 0.6% thiobarbituric acid solution and 50 μLKCl. The mixture was heated in a 90°C water bath for 45 min, cooled on ice and 4 mL n-butanol added. The butanol phase was separated by centrifugation (10 min at 400 × g, 20 °C), and optical density read at 532 nm and 520 nm (Beckman DU 640B, Seattle, WA). A standard curve was generated with tetramethoxypropane, and the assay detection limit was 0.381 µmolmalonyldialdehyde/L. Oxidative damage to DNA was assessed in plasma by measuring 8-hydroxy-2'-deoxyguanosine (8-OHdG; Bioxytech 8-OHdG-EIA kit, OXIS Health Products, Portland, OR). The lower limit of detection for 8-OHdG was 0.5 ng/mL.Plasma protein carbonyl, an indicator of protein oxidation, was measured using a colorimetric assay (Protein Carbonyl Assay kit, Cayman Chemical, Ann Arbor, MI) based on the reaction of 2,4-dinitrophenylhydrazine (DNPH) with the protein carbonyls. The protein-hydrazone produced is quantitated at OD 370 and concentration calculated using the extinction coefficient of DNPH.
Inflammatory Biomarkers
Plasma C-reactive protein (CRP), an indicator of inflammatory processes, was analyzed with a sandwich ELISA (Human CRP ELISA kit, Alpha Diagnostic International, San Antonio, TX). The lower limit of detection was 0.35 ng/mL. Plasma IL-1α, IL-1β, IL-2, IL-6, IL-8, TNF-α and interferon (IFN)-γ were analyzed using a multiplex format ELISA (Q-Plex Human Cytokine Array, Quansys, Logan, UT). Lower limits of detection were 4.10, 1.10, 1.36, 1.36, 2.11, and ≤1.0 ng/L for IL-1α, IL-1β, IL-2, IL-8, TNF-α and IFN-γ, respectively. Digital images (Canon EOS 40D, Canon, Irvine, CA) were acquired using imaging capture software (Digital Imaging Professional 3.3, Canon, Irvine, CA, USA). Data obtained were analyzed using Quansys QView 2.5.5 software.
Antioxidant Activity
Total antioxidant capacity, including hydrophilic and lipid-soluble antioxidants, was measured in plasma using a colorimetric assay (Antioxidant Assay kit, Cayman Chemical, Ann Arbor, MI). Assay sensitivity was 0.044 mmolTrolox equivalents/L. Reduced glutathione (GSH) and oxidized glutathione (GSSG) were measured in whole blood (Bioxytech GSH/GSSG-412 kit, OXIS Health Products, Portland, OR). To prevent oxidation of GSHto GSSG, 1-methyl-2-vinylpyridium trifluoromethanesulfonate was added to whole blood aliquots immediately following collection. Lower limits of detection were 0.54 µmol/L and 0.54 µmol/L for GSH and GSSG, respectively.
Iron Analysis
Post-intervention (wk 6) serum samples were analyzed for iron, total iron binding capacity (TIBC), unsaturated iron binding capacity (UIBC) and % transferrin saturation (%Sat) (Pathologists Regional Laboratories, Moscow, ID).
Body Composition
Dual x-ray energy absorptiometry (DXA) scans were performed by a registered radiographic technologist (Palouse Medical Center, Pullman, WA) at wk 0 and 6.
Statistical Analysis
Data were analyzed using the GLM procedure of SAS (version 8; SAS Institute). Differences between wk within treatment were analyzed by ANOVA. The final statistical model included treatment, week, BMI and exercise status. Differences in treatment means were compared using protected least significant differences and were considered significant at P <0.05.
RESULTS
Subjects
BMI was not different between treatment groups (mean ± SEM: 22.1 ± 0.7 and 20.5 ± 0.5 for whey and soy, respectively). There were no differences in protein, carbohydrate, fat or energy intake between treatment groups. Overall mean daily intakes for participants from both groups were 100 ± 7 g protein, 331 ± 28 g carbohydrate, 90 ± 9 g fat and 2511 ± 181 kcal. Protein accounted for in treatment supplementation was not included in the dietary intake analysis. The average exercise time for all participants was 345 ± 40 min/wk; there was no significant difference in total activity between treatment groups.
Oxidative Damage
Whey protein supplementation decreased (P< 0.05) TBARS at wk 6 when compared to wk 0, while soy protein supplementation had no effect on TBARS over the period studied ( Table 1) . Plasma 8-OHdG concentrations were not different within the treatment groups over the period studied ( Table 1) . Protein carbonyl concentrations were not different at baseline or wk 6 ( Table 1) .
Inflammatory Biomarkers
Plasma concentrations of CRP were not different between whey and soy treatments at baseline ( Table 1) . Soy protein supplementation had no effect on plasma CRP, while whey protein supplementation tended to decrease CRPat wk 6 when compared to the corresponding baseline concentration. Concentrations of all cytokines measured were not different between groups at baseline (overall means: 22.7 ± 5.3, 59.5 ± 5.0, 51.3 ± 0.6, 27.6 ± 2.9, 9.2 ± 1.0, 5.8 ± 0.5, and 7.8 ± 2.1 pg/mL for IL-1α, IL-1β, IL-2, IL-6, IL-8, TNF-α, and IFN-γ, respectively). Whey protein supplementation Antioxidant Activity GSH concentrations were not different between whey and soy protein groups at baseline ( Table 1) . Soy protein intervention decreased (P< 0.05) GSH concentrations at wk 6 as compared to wk 0, while whey protein supplementation had no effect on GSH over the period studied. GSSG and GSH:GSSG ratio were not different over the time period studied ( Table 1) . Similarly, there was no difference in plasma total antioxidant capacity at baseline (overall mean: 1.6 ± 0.2 mmol/L) or wk 6 (overall mean: 1.4 ± 0.1 mmol/L).
Iron Analysis
Serum iron, TIBC, UIBC and %Sat concentrations did not differ between treatment groups. In the whey group, means ± SEM were 97.6 ± 13.4 µg/dL, 231.1 ± 21.2 µg/dL, 328.7 ± 17.3 µg/dL, and 29.9 ± 4.6 % for serum iron, TIBC, UIBC and %Sat, respectively. In the soy group, means ± SEM were 71.1 ± 14.0 µg/dL, 280.4 ± 21.8 µg/dL, 351.5 ± 17.3 µg/dL, and 20.1 ± 4.3 %, for serum iron, TIBC, UIBC and %Sat, respectively.
Body Composition
At baseline, total bone mineral content (BMC), BMD, body fat and lean mass were similar between treatment groups ( Table 2) . Whey and soy protein supplementation did not significantly affect total BMC, BMD, body fat and lean mass.
DISCUSSION
Metabolic changes during endurance exercise can be detrimental to physiological homeostasis, resulting in inflammation, oxidative stress and cellular damage. Elevated oxidative stress and inflammation related to prolonged periods of severe training may be associated with decline in athletic performance [22] . Therefore, recovery from endurance exercise is essential as muscle damage results in the breakdown of muscle protein and impairs muscle function, glycogen synthesis rates, and protein synthesis pathways [4] . The type of protein consumed can affect the recovery process due to differences in the digestion rate of the protein and concentration [23] . Overall, this study showed that whey protein supplementation plays a role in decreasing oxidative damage in active female endurance athletes, while soy protein did not improve biomarkers of oxidative stress and inflammation.
Prolonged periods of severe training have been shown to induce a marked response in oxidative stress biomarkers including increased urinary isoprostanes, TBARS, and protein carbonyls in humans [22] . In the current study, plasma TBARS concentrations decreased with whey protein intervention, indicating suppressed lipid peroxidation and a potential alleviation of exercise-induced oxidative stress. Similarly, whey protein administered with carbohydrate decreased plasma TBARS levels in human after cycling [24] and oral administration of whey protein was associated with decreased lipid peroxidation in rats [25] . Lipid peroxidation leads to the generation of byproducts involved in the activation of inflammatory response and cellular damage, therefore this protective effect of whey protein on oxidative stress may also help to reduce inflammation. In contrast, soy protein supplementation had no effect on plasma TBARS concentrations. Similarly, soy isoflavone supplementation had no effect on markers of lipid peroxidation in postmenopausal women [17] . Neither whey nor soy protein supplementation had an effect on plasma concentrations of 8-OHdG, which reflect oxidative damage to DNA as concentrations increase during DNA repair. While in vitro studies have shown that physiologic concentrations of soy isoflavones protect against DNA oxidative damage [26, 27] , similar results were not seen in vivo in healthy men who consumed soy milk for 4 weeks [26] . However, postmenopausal women receiving soy isoflavones for 16 weeks had significantly lower plasma concentrations of 8-OHdG [17] .
Athletes often develop a transient inflammatory response following intense acute exercise [22] . CRP is produced by the liver in response to inflammatory cytokines, such as IL-1 and IL-6, and elevated CRP levels are a reliable marker of inflammation [28] . Plasma concentrations of inflammatory cytokines are elevated in endurance athletes, likely indicating the presence of exercise-induced inflammation [29, 30] . The consumption of an experimental carbohydrate-whey protein cake was shown to decrease CRP and IL-6 levels after exhaustive cycling in humans [24] , while other research examining the effects of soy intake on biomarkers of in- flammation found no significant changes in CRP concentrations [17] . In the present study, whey and soy protein supplementation had no significant effect on the inflammatory biomarkers examined, however participants who consumed whey protein tended to have lower plasma IL-1α, IL-1β, and CRP concentrations after 6 wk of supplementation.
The prevention of oxidative damage and inflammation is likely mediated by the quenching of ROS; however, the consumption of whey and soy protein did not improve plasma antioxidant status in the current study. It is suggested that the antioxidant activity of whey protein depends on the concentration of cysteine, which is a precursor for glutathione biosynthesis, as whey protein has been shown to increase glutathione concentrations in glutathione-deficient groups [31, 32] . However, caloric intake can also play a role in antioxidant capacity in athletes; energy restriction increases glutathione status in trained athletes and whey protein supplementation is not able to modulate this response [33] . Interestingly, soy protein supplementation decreased GSH in the present study indicating reduced antioxidant activity. In contrast, soy isoflavones were shown to increase the activities of antioxidant enzymes in humans [34] , however the form of isoflavone administered played a role in the enhancement of antioxidant status. In fact, free soy isoflavones were shown to be more effective at increasing antioxidant status in rats when compared to protein-associated isoflavones and soy protein extracts [34] .
In terms of body composition, neither whey nor soy protein supplementation was able to influence body fat, lean body mass, or markers of bone health in this study. Female endurance runners tend to have lower BMC than resistance exercisers [35] as young female endurance runners exhibit a suppressed bone mineral accrual pattern and therefore may be at risk for inadequate bone mass gains and low peak BMD [36] . Furthermore, low peak BMD is associated with an increased risk of bone fractures [37] . As a milk byproduct, whey protein contains the necessary components needed for bone formation and milk protein supplementation is reported to increase BMD via the suppression of osteoclast activity [38] . However, whey protein supplementation did not significantly affect BMC or BMD in this study. Further, while some research has shown that intact high-quality proteins such as whey and soy are efficiently utilized for the maintenance and net gain of skeletal muscle in response to training [39] , there is not a strong body of evidence documenting that protein supplements improve body composition in athletes [1] .
In conclusion, supplementation with whey protein decreased lipid peroxidation in in female endurance athletes suggesting a potential antioxidative action, while soy protein did not improve biomarkers of oxidative damage and inflammation.
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